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Abstract 
  
 This paper examines the challenges and economic feasibility of implementing 
grey water recycling systems at a citywide scale. Past and present conditions of fresh 
water scarcity are discussed, and how scarcity will be exacerbated by climate change. 
Previous technological developments and initiatives are discussed, and how they are 
implemented to reduce fresh water scarcity. Challenges, examples and costs of 
implementing grey water systems are detailed; in general results indicate that large 
projects (such as apartment complexes and multistory buildings) are only 
economically feasible (as opposed to single-family homes), decentralized (on-site) 
systems also appear to be more economically feasible due to cost savings of energy 
and piping required to convey grey water and waste water for treatment and installing 
a grey water system in new construction is less costly than retrofitting a building. 
 Additional costs associated with determining the economic feasibility of grey 
water systems are nuanced, for example water rates make a large difference on the 
payback period of the project and lifestyle of the occupant (differing water amount 
and detergent uses). The average project cost ranged from $447,289 to $4,411, 
payback period ranged from 10-16 years and only a positive Net Present Value 
(NPV) was determined for a multistory building. For a city such as San Francisco, 
implementing grey water systems in single-family homes and multistory buildings 
would cost approximately $1.8 billion dollars 
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Introduction 
  
 Global warming and its impacts have created the need to conserve water in the 
face of increasing drought and irregular weather. Global warming has led to the 
weather to be more erratic and less predictable (Schwartz and Randall, 2003) and the 
current drought is one of the most severe historically (NOAA, 2016). Many cities 
have tapped into ground water resources to meet the population’s needs due to lack of 
rainfall and water that has been previously saved in reservoirs. The continued 
unsustainable use of water combined with population increases, and prolonged 
drought will result in fresh water depletion. Rainfall deficits are already severe in 
California, and the current El Nino storms this year will likely not end the drought 
since many areas have an average deficit of 1-2 feet of rainfall (Accuweather.com, 
2015).  
 Water management thus far has been focused on meeting the future projected 
needs of the population, and expanding infrastructure to meet those needs, which is 
not a sustainable practice. Water is considered a renewable resource, until aquifers are 
pumped to the point of land subsidence. In the future, this will limit the amount of 
ground water recharge in wet years (Gleick, 1998). Expanding water infrastructure  
to meet the growing population’s needs is an unsustainable way to manage water; 
rather the focus should be on meeting needs within the available resources and 
infrastructure.  
 Past efforts to reduce water use has been achieved through the use of water 
mandates, initiatives, water rationing, and technological advancements. Although 
these past efforts succeeded in reducing water use, the continued drought will call for 
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a greater decrease. Reclaimed water reuse has been limited but aided through 
technological advancements and legislation. Grey water use has been aided through 
technological advancements in water treatment and conveyance, such as using grey 
water for watering landscapes. Currently, grey water recycling is not widely used, 
greatly studied or regulated in many cities. It has been determined that grey water 
infrastructure when installed can result in significant water savings, yet regulations 
and guidelines for treatment and installation have not been established (Yu et al, 
2013). 
 Grey water is water that comes from showers, bathroom faucets and clothes 
washers. Grey water may comprise 50-80% of residential wastewater, in Arizona it is 
estimated that the average household generates approximately 30,000 to 40,000 
gallons of grey water per year (Al-Jayyousi, 2003). There is debate on whether to 
include water from kitchen sinks and dishwashing machines due to the particles from 
food that contribute contaminants to the wastewater. Kitchen water contains more 
contaminants compared to other sources of grey water due to oils, greases, surfactants, 
microorganisms, and solids from food and detergents (Friedler, 2004). Various states 
in the U.S. vary on whether kitchen water is included in the definition of grey water, 
14 of the 36 states that address grey water that originates from a kitchen, exclude 
kitchen water (Yu et al, 2013). Grey water is variable as far as quality, mainly due to 
the variety of detergents used in a household; detergents can make treatment for reuse 
more difficult (Al-Jayyousi, 2003) because it can alter the effectiveness of the 
chemicals used to treat the grey water. Grey water quality is variable, which makes 
meeting the high levels of treatment required for indoor water use difficult.  
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 This paper will focus on the economic feasibility of installing grey water 
systems at a citywide scale by looking at challenges, implementation thus far, and 
examples of grey water case studies and systems from around the world. Economic 
feasibility will also be evaluated by estimating the payback periods and Net Present 
Values (NPV) of various projects detailed in the literature, then projects costs are 
applied to residential and multistory buildings in a city, using San Francisco, CA as 
an example.  In the future, cities with available budget can create incentives and water 
policies to make implementation of grey water systems streamlined.  
 
Background and Justification 
  
 Many countries are experiencing drought as a result of climate change and 
local dry conditions could exacerbate water scarcity and quality issues. With and 
increasing population, and increase in urban environments as a result, cities are 
growing at an alarming rate. The United States population according to the United 
States Census Bureau was 321,418,820 in 2015 (United States Census Bureau, 2014), 
and is estimated to reach approximately 416 million by 2060 (United States Census 
Bureau, 2014). Cities are one of the most unsustainable water users due to their once 
through system, as opposed to a closed loop system of reusing a resource such as 
water (Agudelo-Vera, 2012). Linear metabolism systems use resources at a high rate 
and produce a large amount of wastes and pollution, while circular metabolism 
emulates a natural ecosystem in which, consumption of resources are low due to 
recycling and reuse of resources (Agudelo-Vera, 2012).   
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 The increased urbanization to accommodate the growing population will 
increase the unsustainable use of water: an examination of grey water use to meet the 
increased demand should be considered in water management plans. Decentralized 
grey water treatment systems can create a closed-loop system in which, waste water 
generated onsite is treated onsite for reuse in a household or at the community level 
(Al-Jayyousi, 2003). Centralized systems will require more energy to pump grey 
water to a treatment plant and back to the user, the increase in energy use will also 
increase emissions associated with the energy use. Simple grey water systems can be 
piped from the shower directly to the toilet to solely meet flushing needs, which 
would result in increased potable water savings and would not require major 
retrofitting costs to install. There are many alternatives to consider when installing 
grey water system; this paper will outline a few examples.  
 Initiatives and technology developments implemented to save water that have 
been successful in generating water savings, for example: low flow toilets, automatic 
toilets and faucets, dual flush toilets, waterless urinals, faucet aerators, low flow 
shower heads, water efficient washing machines and desalination plants, but grey 
water use has been limited to watering landscapes and should be expanded to include 
flushing toilets as well. As defined, grey water could be applied to three non-potable 
uses: watering landscapes, flushing toilets and laundry (Yu et al., 2011). Applying 
grey water to as many uses as possible will result in a sustainable use of water.  
 When considering the sustainable use of resources, the Three Pillars of 
Sustainability, also known as the Triple Bottom Line should be taken into account: 
Environmental, Economic and Social (Pope et al, 2004). The Triple Bottom Line is an 
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assessment that is used to minimize unsustainable practices and meet the three 
objectives. The Environmental objective is to use resources in a sustainable manner, 
meaning the use of resources will not hinder future generations from using the same 
resources. The Economic objective measures the fiscal impact of a project or action 
taken. The Social objective measures the impact to a neighborhood, community, city 
etc., for example a project could take away a community park in which, there is a loss 
to the community’s recreational facilities, or a project could increase GHG emissions 
and dust locally, thus, decreasing the local air quality (this impact is also an 
environmental impact).  An analysis of grey water should include an examination of 
all pillars. The economic, social and environmental effects have been considered in 
the economic and financial analysis completed by Liang and van Dijk (2010) in 
Figure 1. 
 
Figure 1. Economic, Social and Environmental Costs and Benefits (Liang and van Dijk, 
2010). 
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 It has been established that grey water systems can aid in meeting water 
demands of the growing population sustainably, however the economic viability of 
implementing grey water systems needs to be accessed. This paper will examine the 
parameters driving the need for grey water use, past water saving efforts and the 
challenges of implementing grey water systems. Through this analysis, I will 
determine the economic feasibility of grey water implementation at the citywide scale.  
 
Past Conditions and Water Scarcity 
 
 Droughts are cyclical and occur between wet years, but during extreme 
droughts that are of significant length, drought can have a drastic impact on available 
water resources. The Palmer Drought Severity Index (PDSI) developed by 
meteorologists and used by the National Oceanic and Atmospheric Administration 
has a drought index, which shows in comparison to historical droughts, that the 
current drought in California is the worst in over a century (Figure 2).  
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Figure 2. The Palmer Drought Severity Index calculated for California over the past 110 
years (NOAA, 2016). 
 
 
 Drought has many impacts, one of the main concerns being the decreased 
availability of usable water for potable water use from groundwater, streams, 
snowpack and reservoirs (Mckee et al, 1993). Water is a public resource, which 
makes regulation necessary, but difficult to implement especially since the economic 
valuation of water is low to the individual (Hanemann, 2005), meaning the value of 
water is low for individuals and does not encourage limited use. Much like the carbon 
footprint, which measures ones carbon emissions contributed to the atmosphere and 
air quality impacts, there is a water footprint that measures the water resources that an 
individual or household uses. The water footprint of humanity from 1996-2005 was 
studied; the result was that the water footprints of China, India and the United States 
were the largest accounting for approximately 38% of the water footprint globally 
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(Hoekstra, 2012). With excess water usage and large water footprints, water use 
regulations should assist in decreasing water use, especially from large water users.  
 Regulation of water use is often done by enacting mandates by the State, and 
mandates are implemented by cities. Despite water savings of some individuals, the 
tragedy of the commons is there are individuals that continue to use resources at their 
normal consumption rate and/or in excess of basic needs. During past droughts, water 
use regulation was achieved through mandatory water rationings. In San Jose, CA, 
water rationings were mandated for a 30% reduction and residents were allocated 9 
units per household, residents that exceeded their allocated units were fined (San Jose 
Mercury News, 2015).   
   
Current State Conditions and the Looming Water Crisis  
 
 Governor Brown has taken steps to ensure secure water resources in the face 
of the drought. In 2013 Brown assembled a Drought Task Force to prepare for water 
scarcity with consideration of climate change effects (Office of Governor Edmund G. 
Brown Jr., 2014). Currently, California is in the fourth year of an extreme drought, a 
drought state of emergency was called in 2014, directing state officials to mitigate 
against the drought conditions (Office of Governor Edmund G. Brown Jr., 2014). 
Climate change will lead to a fresh water shortage due to the unpredictable rainfall 
and increased erratic weather patterns, and increased warming will increase 
evapotranspiration that will decrease the ability to store fresh water (The Guardian, 
2012). Global warming issues continue to increase due to anthropogenic additions 
and burning of fossil fuels. 
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 Population growth continues to place pressure on natural resources; there is a 
need to expand urbanization and infrastructure to places where there are little fresh 
water resources. The California Water Project is a prime example of a system that 
brings water from Northern California (where there are fresh water resources) to 
Southern California (where there are little to no fresh water resources and drier 
climate) to serve 29 urban and agricultural water suppliers  (Department of Water 
Resources, 2010). The State Water Project is so large, that it resulted in severe 
environmental impacts: loss of salmon spawning habitat, dam failure, pumping plants 
decrease numbers of bass and salmon and alteration of the Bay-Delta estuary habitat 
resulting in loss of species (Department of Water Resources, 2008). The alteration of 
habitat and loss of wetlands caused by the State Water Project is devastating one of 
the richest estuaries in the U.S (Sjovold and Krieger, 2016).  
 The traditional approach to water management has been supported by 
economic and population growth, water management will have to change to be 
adaptable to climate change (Gleick, 1998). Two water districts in San Francisco hold 
the lowest average totals of 46 gallons of water per day (Los Angeles Times, 2016), 
while the average gallons of water used per day in a Los Angeles household is 243. 
Los Angeles had a drier climate and it is speculated that much of this water is used to 
water landscapes, up to over 50% of this potable water can be saved if a grey water 
system was installed to irrigate landscapes (Grey Water Corps 2009). Water 
management should be focused on those especially that use excess amounts of water.  
 The United States Drought Monitor for California displays that large portions 
of California are currently in extreme or exceptional drought (Figure 3). These 
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current conditions are important to consider because water is a necessity and is not 
completely a renewable resource, due to the fact that the resource is being consumed 
quicker than it is being replenished. The State Water Project is currently not meeting 
it’s contracts, and uses a system called ‘paper water’ to grant early allotments of 
water, before the annual snow melt and rain have been accounted for, this 
mismanagement of water in California will exacerbate the local drought conditions 
(Sjovold and Krieger, 2016).  
 
Figure 3. California Drought Conditions (US Drought Monitor, 2016). 
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Introduction to Water Savings Technologies  
 
 Technology has been used to augment fresh water resources and to save 
potable water. Low flow toilets, sink aerators and low flow showerheads all help in 
potable water savings. A majority of water conservation efforts focus on water 
conservation, rather than water recycling. Cities are discovering that wastewater is a 
resource that is underutilized; emerging technologies are desalination, water 
reclamation and reuse, and fog collection (Gleick, 2000). Grey water, so far has been 
used to limit the amount of fresh water used to water landscapes. Many international 
cities have begun to adopt grey water to flush toilets in large office buildings, airports 
and apartment complexes.  
 Desalination plants take ocean water and remove salt to make into potable 
water. There are limitations to implementing new water technologies such as cost, 
scale, and lead time (Ehrlich, 1971). Desalination plants are expensive to build, 
energy intensive, may have adverse environmental impacts, and often generates water 
that is high in cost to the customer. According to Lattemann and Höpner (2008), 
desalination plants open intake systems can result in the loss of aquatic species, large 
amounts of pretreatment chemicals and byproducts are often washed into the ocean, 
and thermal desalination plants will increase the local ocean temperatures. Although 
desalination plants can produce large amounts of potable water, the costs may not 
outweigh the benefits.  
 Grey water will aid in fresh water savings by proving non-potable resources; 
grey water recycling will also reduce the amount of water conveyed to centralized 
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water treatment systems (Yu et al, 2013). Increased use of grey water will benefit the 
community, environment, and can be economical. Communities that live in dry arid 
regions can use reclaimed water for watering landscapes, and can further use grey 
water to flush toilets. The environment will benefit from the relieved stress on water 
resources, groundwater recharge can increase as well as reservoirs, resulting in lower 
water withdrawals from local rivers. The payback period was considered by Imteaz 
and Shanableh (2012), the water savings from dual flush toilets, flow restrictors, and 
water efficient washing machines clothes washers resulted in water savings ranging 
from 30-50% and had a payback period of 1.9 years. Thus, water saving technologies 
can save large amounts of potable water and the initial investment will be earned back 
in less than 2 years.  
 
Overview of Water Saving Technologies and Water Augmentation 
 
A. Low flow toilets, Automatic toilets, Dual flush toilets and Waterless urinals  
 
 According to the Regional Water Providers Consortium (2016), the average 
Americans uses 45% of household water in the bathroom, with 27% of water use for 
flushing toilets, according to KQED News, up to 21% of indoor water use comes 
from flushing toilets (Figure 4). With flushing of toilets ranging from 21-27%, there 
is potential for significant potable water savings if this water is replaced with grey 
water. In 1994 the United States passed legislation requiring all new toilets to reduce 
the water used when flushed by one-third (Gleick, 2000). Older toilets use 3.5-5 
gallons per flush when new toilets use 1.6 gallons or less (Regional Water Providers 
Consortium, 2016).  
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Figure 4. Percent Indoor Water Use (KQED News, 2014). 
 
 
 
 
  Local water districts support water reductions by offering rebates for 
purchasing low flow toilets such as the East Bay Municipal Utility District (EBMUD) 
and Bay Area Water Supply & Conservation Agency (BAWSCA): BAWSCA offers 
a rebate for $125 to replace an old toilet with a qualified high efficiency toilet (Bay 
Area Water Supply & Conservation Agency, 2016) and EBMUD offers a rebate for 
$50 when an old toilet is replaced with a high efficiency toilet (East Bay Municipal 
Utility District, 2016). California requires installation of low flow toilets, beginning 
January 2014, for homes that were applying for permits to make upgrades to a home, 
and in 2017 will be required when a home is being sold (Wilson, 2013).   
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 Automatic toilets and faucets were studied by Gauley and Koeller (2010): 
when installing sensor-operated urinals: water use decreased from 856 to 807 gallons 
per day, when manual toilets were replaced with sensory operated toilets: water use 
rose from 807 to 1,243 gallons per day and when installation of sensory operated 
faucets resulted in increased water use: from 654 to 856 gallons per day. Automatic 
faucets and toilets were found in this study to use more water than the original 
manual fixtures, automatic urinals did result in water savings. Toilets that are low 
flow save water as well as waterless urinals, but automatic technology does not save 
water as anticipated. Dual flush toilets are toilets that have two separate flush buttons 
for liquid or solid waste, which allows for further water savings.  
 Waterless urinals are not frequently implemented due to difficulty in 
maintaining the urinal, despite the potential to use zero water in facilities. Caltrans 
completed a pilot study at a few of their rest stations to determine the success of 
installing waterless urinals: water savings were between 178,507– 2.7 million gallons 
of water in 2015, yet issues ranged from odor to discoloration of the urinal if it was 
not properly maintained (Caltrans Division of Engineering Services Water and 
Wastewater branch, 2015). Caltrans concludes from their study that training needs to 
be given when waterless urinals are installed so they can be properly maintained to 
prevent issues from arising. 
 
B. Faucet Aerators and Automatic faucets  
  
 Bathroom and kitchen faucets can use up to 16% of household water 
(Regional Water Providers Consortium, 2016). Low flow aerators can cut water flow 
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rates by up to 50% (Facilities Net, 2014) compared to faucet aerators that do not limit 
the water flow from the tap. Federal plumbing standards require that kitchen and 
bathroom faucets should use more than 2.2 and 2.5 gallons per minute (GPM) 
respectively, when older aerators can use up to 5 GPM (Regional Water Providers 
Consortium, 2016). Installation of a faucet aerator is easy and aerators are 
inexpensive to purchase. The previously mentioned study by Gauley and Koeller 
(2010) found that automatic faucets increase water use. Flow restriction is more 
useful in water savings compared to automatic faucets.  
 
C. Rain barrels  
  
 Rain barrels are used to catch rainwater, fog drip and rain that falls off 
rooftops, and can typically hold about 55 gallons of water. In arid regions such as 
California, it has a low annual precipitation of 37 cm/ year (Yu et al, 2011), therefore 
rain barrels will not help meet non-potable water demands for watering landscapes. 
Although, in region where rainfall is plentiful, rain barrels can aid in fulfilling 
watering needs for landscaping. Rain barrels have been promoted to catch rainwater 
for watering landscapes or rain barrels can be used in addition to grey water to fulfill 
all landscaping needs, as well as various non-potable water needs indoors. There are 
incentives offered from agencies such as BAWSCA, BAWSCA offers a $100 rebate 
to purchase a rain barrel (Bay Area Water Supply & Conservation Agency, 2016) for 
homes in San Mateo County.  
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D. Desalination plants  
 
 Desalination plants are located along coasts, and they consume ocean water, 
which is processed to remove salt ions to make potable water.  Desalination of 
seawater or brackish water is hindered due to high infrastructure costs, the high 
amount of energy required to treat the water and the infrastructure required to 
transport treated water to areas that are not near coast/ the treatment plant (Gleick, 
2000). A desalination plant in Carlsbad, CA generates 50 million gallons of fresh 
water per day. The cost of water-generated form the Carlsbad desalination plant is 
twice the rate at which the Metropolitan Water District of Southern California charges 
due to the process of desalination being energy intensive and costly.  
 Desalination plants cause concern for environmentalists due to the water 
discharged into the ocean after desalination and water being sucked into the plant. 
Additional desalination plants in California are not likely to be developed soon; the 
Carlsbad project resulted in 14 lawsuits and over 10 years of negotiations (The 
Sacramento Bee, 2015). Despite the opposition in California, desalination plants are 
widely adopted in international countries such as Israel and Saudi Arabia (The 
Sacramento Bee, 2015). Desalination plants can help to augment the potable water 
source, but is not necessarily a sustainable practice.  
 
E. Water mandates  
  
 In April 2015, Governor Brown mandated a 25% water reduction for cities in 
California; a month later the State Water Board adopted this regulation to implement 
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the 25% reduction of potable water use (State Water Resources Control Board, 2016). 
In addition to these mandates there has been state funded toilet replacement and turf 
removal programs, in addition to what local incentives individual cities may offer to 
reduce water use. In a February, 2016 press release by the State Water Resources 
Control board (2016), it was announced that California missed Governor Brown’s 
water reduction goals by just 0.2%, so far California is 4% shy of reaching water 
savings of 1.2 million acre-feet of water.  
 Water mandates have been successful thus far in decreasing water use in 
California, the drought still persist and limited water use in households and 
eliminating watering landscapes are encouraged.  The water mandates and incentives 
have been focused on lawn removal, inefficient appliances, commercial car washes, 
but little to no focus on installation of residential grey water systems. Lawns can 
require up to 57 inches of water per year, which can’t be met by rainfall, additionally 
sprinklers can be faulty and overwatering is a frequent practice that can lead to using 
75,000 gallons per year (Association of California Water Agencies, 2016). To 
mitigate the large amounts of water that are used on landscapes, Lawn Be Gone 
programs have been offered by water conservation agencies, the incentive that 
BAWSCA offers is $4 per sq. ft. to replace lawns with drought resistant landscapes 
(Bay Area Water Supply & Conservation Agency, 2016).  
 According to Home Water Works (2016), clothes washers use 15-40% of the 
water in a typical 4-person household, older washers use 40-45 gallons of water per 
load, and high efficiency washers use 14 to 25 gallons of water per load. Pacific Gas 
& Electric Company (2016) offers rebates for high efficiency clothes washers, and 
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offers up to $150 in rebates for Energy Star models. In order to comply with the 
mandated 25% reductions for California, cities have forbid washing cars with potable 
water, which means they have to get their car washed at a carwash. Due to California 
restrictions that cars are not allowed to be washed at home without a shut off nozzle, 
there are cities such as San Jose that completely ban washing cars at home making car 
washes acceptable since many use recycled water (Market Place, 2015). The State 
Water board’s Office of Enforcement regularly receives reporting from water 
agencies and works with them to meet their water reduction goals.  
 Water saving technologies was taken into consideration by Memon et al 
(2005) of how it will affect recycling water systems. Grey water production will 
decrease, which will allow the pollutants in the water to increase, and thus increased 
treatment to meet water reuse standards and maintenance costs for the system. Ultra 
low flow toilets or dual flush toilets will decrease the need to use grey water for 
flushing toilets, thus the payback period on the system could take longer. Overall, 
water mandates are effective in water use reduction, but has not focused on water 
recycling as a measure. It is estimated that 30% of water consumption in households 
can be decreased by using grey water to flush toilets (Eriksson et al, 2002).  
 
Challenges of Implementing Grey Water 
  
 Grey water is not greatly studied at this time and information about system 
installation is not easily accessible for those who wish to implement a grey water 
system in their homes. Permit costs required from cities can be high and the 
guidelines could be difficult to follow. According to Little (2000), permits could be 
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cumbersome and costly for a homeowner, a confusing and complicated permit 
process can lead to “mental barriers” for homeowners to install grey water systems.  
Plumbing collects grey water before it mixes with black water (water from flushing 
toilets) and then is diverted to treatment to be used for non-potable uses. Installing a 
system such as this has to follow plumbing codes and water treatment requirements.  
 Retrofitting a home to install plumbing required for a grey water system can 
be complicated and costly. Retrofitting costs vary from building to building based on 
the materials used, labor hours, number of restrooms and number of levels a building 
has. Installing a grey water system in new construction will significantly lower the 
costs compared to retrofitting a building. Retrofitting a home can be cost prohibitive, 
it is best if grey water systems are installed during original construction.  
 Grey water must be treated to a tertiary degree and reach specific levels of 
coliforms, and turbidity to be used for indoor use (Yu et al, 2013). There are four 
criteria that must be met to use recycled water for flushing toilets: hygienic safety, 
aesthetics, environmental and economic (Li et al, 2009): For hygienic safety there are 
pathogens and bacteria that are a concern when treating grey water for reuse, the 
aesthetic quality is greatly improved when a filtration system removes suspended 
solids, there can be environmental concerns with using untreated grey water to 
irrigate landscapes with low water tables and a grey water system must be 
economically feasible otherwise it will not be used in the long term.  
 Grey water storage is a challenge because the storage time has to be brief 
otherwise water quality will decrease. Grey water storage allows solids to settle, 
allowing total suspended solids (TSS) to decrease, but chemical oxygen demand is 
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reduced due to anaerobic activity, the result being the creation of odors when grey 
water is stored for over 48 hours (Dixon et al, 2000). Grey water consumption/ use is 
not as high as production, thus it is unfortunate that water storage has to be less than 
two days. Thus, it is a challenge using the extra grey water created if there are no 
landscapes to use it on.  
 A challenge with implementing grey water use is the public perception of grey 
water. There are some concerns that pathogenic viruses can be transmitted through 
grey water use (Eriksson et al, 2002) through contact with aerosols by flushing the 
toilet. It is likely that in a home, the grey water produced would contain the pathogens 
from the people living in the home. Pathogens cannot live without their host, which 
makes it unlikely to contract pathogens through flushing the toilet; this is further 
discussed in the effective treatment of water section. There are also many other 
negative perceptions about grey water, such as the odor it will create when used 
indoors.  
 There are plumbing codes and indoor water use requirements that need to be 
met for grey water, these requirements can be restrictive and thus a challenge to 
implementing grey water use. Restrictions for the use of grey water is due to the 
difficulty of segregating grey water for collection, limited use of watering landscapes 
and limited use for indoor uses; for grey water to be largely adopted there will need to 
be less restrictive policies and guidelines will have to be promoted (Sharma & Chhipa, 
2014). Due to these restrictions, grey water adoption is slow, but is implemented by 
some countries while being researched by other countries.  
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 Jordan is a semi-arid country with limited rainfall; their water availability is 
less than 1000 m3 per capita per year, so it is pertinent that adoption of water saving 
technologies and water recycling is implemented (Jamrah, A., & Ayyash, S., 2008). 
Jamrah and Avyash (2008) conducted a survey in three cities in Jordan to determine 
the acceptance of grey water use, the following was found: the top reasons for 
opposing grey water use is for health concerns, the top reason to accept grey water 
use is to reduce the demand on water resources, the most acceptable use for grey 
water was to flush toilets, lastly many would agree to install separate grey water 
systems in their homes. This is an indication that education to the Jordanian public on 
the potential for health risks are low, in order for them to adopt and accept grey water 
fully.   
 Using untreated grey water for watering landscapes can save on treatment 
costs, yet there are some precautions. Untreated grey water that is used to water 
landscapes can affect the chemistry of the soil (increased salinity), and water 
infiltration (Yu et al, 2013). There is also an issue with using untreated grey water for 
watering landscapes if the water table is high, it can create contamination issues and 
is prohibited in California (California Building Standards Commission, 2010). It is 
less costly to use untreated grey water, but should be applied to specific instances and 
treated water can be more widely used.  
 
Case Studies of Implementing Grey Water  
 
 Grey water thus far has been used in purple pipe systems to water public 
landscapes. Purple pipe systems were implemented to save using potable water to 
maintain public landscapes and landscapes of larger size. If one out of ten homes in 
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Southern California were to install grey water systems, the potable water savings 
would be equal to the desalination plant that is going to be built in San Diego County 
(Grey Water Corps, 2009). Worldwide, grey water has been implemented at various 
degrees and the implementation of grey water systems has been studied for 
consideration.  
 
A. Countries Implementing and Researching Grey Water Use 
  
 Several countries have implemented grey water to different degrees and for 
different reasons: Japan has implemented grey water systems to accommodate the 
high population and limited land space for indoor and outdoor uses, the Unites States, 
Saudi Arabia, and Jordan have implemented grey water as a response to drought 
conditions for landscape irrigation, and Germany has implemented grey water use for 
flushing toilets and watering landscapes. Wastewater recycling has been implemented 
in Beijing since 1987, with more restrictive regulations being adopted in 2000; over 
1,000 decentralized wastewater treatment systems have been constructed (Liang and 
Dijk, 2010).  
 In the United States, there are efforts to require grey water plumbing, but for 
the use of watering landscapes. Arizona requires that new residential construction 
install plumbing to promote grey water use. In California, only multifamily 
complexes and businesses are required to install plumbing for grey water recycling 
for watering landscapes. Among cities, water districts play a large part in local water 
initiatives and infrastructure. Irvine Ranch Water District (IRWD) began 
implementing the use of grey water systems in 1963, grey water uses over time has 
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expanded to cover landscape irrigation, industrial processes, and toilet flushing in 
commercial buildings. IRWD conveys grey water to over 4,000 customers adding up 
to 23.5 million gallons of grey water (Irvine Ranch Water District, 2016). In 
California The Santa Clara Valley Water District (SCVWD) board of directors 
approved an advanced water purification center in 2010. The project was to be 
completed by 2014; the water from this advanced plant will produce up to 8 million 
gallons per day of highly purified water to be used for irrigation and industrial uses 
(Santa Clara Valley Water District, 2016).  
 Egypt is one country that is researching grey water use for future 
implementation. Nermin & Ali (2012) conducted an economic study in Egypt to 
implement grey water reuse. In Egypt the land consists mainly of desert and there is 
little rainfall, while water resources are restricted to the availability from the Nile 
River and ground water resources. Muslims in Egypt wash their hands five times a 
day for prayer thus; the grey water generated from ablution can be used for flushing 
toilets and other uses. As mentioned previously, the survey given by Jamrah and 
Avyash (2008) in Jordan was to estimate the amount of grey water created in 
Jordanian cities and to determine the public acceptance of grey water, the survey 
results were that most people oppose the use of grey water in Jordan, but if required, 
flushing toilets would be the most acceptable use. Jordan would benefit from grey 
water use, but will have to create an education and outreach campaign to gain public 
acceptance. A study completed by Dolnicar and Schafer (2009) in Australia was to 
determine the profiles for those that accept or reject grey water use, the results 
indicated that there are many misconceptions about grey water; they concluded that 
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there is a need for policy makers and managers to gain the acceptance of grey water 
use.  
 
B. Costs and Water Savings of Grey Water Systems in Multistory Buildings 
  
 Multistory buildings include: universities, apartment complexes and office 
buildings. The Public Utilities Commission (PUC) building in downtown San 
Francisco is a 13 story building that uses 60% less water compared to similar office 
buildings (San Francisco Water Power Sewer, 2015).  The PUC building has onsite 
treatment for grey and black water, which meets the water needs to flush all the 
urinals and toilets in the building. The water recycling system has a capacity to treat 
up to 5,000 gallons of water and reduces water use per person by 59% (San Francisco 
Water Power Sewer, 2015). Another example of successful implementation of a grey 
water system in a office building is in Irvine, CA, which has used reclaimed water for 
flushing toilets for high-rise office buildings since 1991 (Leung, 2012). Irvine and 
San Francisco has been able to successfully implement centralized and decentralized 
grey water use.  
 Kohler completed a year long study in locker rooms using four grey water 
systems that use shower water to flush toilets, it was found that systems that are in the 
lower range of cost experience more maintenance issues compared to their pricey 
counterparts (Kohler, 2012): each system in the study had a different mechanism of 
disinfecting grey water for reuse, half of the systems did not pass onsite residential 
water reuse standards, half of the systems received complaints about odor or water 
appearance, and only one system showed the potential for payback based on 
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operational costs and water rates. It was concluded from this study that the grey water 
systems tested well in a real life situation, and predicts that grey water technology 
advances will allow more cost effective systems in the near future (Kohler, 2012). 
Gyms use a great amount of water, especially those that have onsite laundry, thus 
implementing grey water systems such as the study by Kohler, has been proven it can 
be successful.  
 A study on the economic feasibility of installing a grey water system in a 
multi-story building was conducted by Imteaz & Shanableh (2012) in Melbourne, 
Australia. Imteaz & Shanableh (2012) found that the grey water generated from a 
multistory building generates more grey water than what can be used, due to the fact 
that there is little to no green areas surrounding complexes. Thus, in a multistory 
building the grey water generated from the top floors could supply the entire building 
with grey water. The following costs and payback period were determined for 
installing a membrane biological reactor for water treatment on the roof of a 20 story 
building: $163,00 for installation costs, $4,300 for maintenance costs and the payback 
period is 22 years (Imteaz & Shanableh 2012). Membrane biological reactor grey 
water systems incorporate a biological process to disinfect the grey water for indoor 
use. The payback period significantly decreases for a taller building, for a 30-story 
building the payback period is 8 years (Imteaz & Shanableh 2012).  
 A study completed by Friedler and Hadari (2005) on the economic feasibility 
of decentralized grey water recycling in multistory buildings took place in Israel. In 
urban areas the water use ranges from 100-180 L/day per capita, grey water used to 
flush toilets can decrease this water use by 40-60 L/day per capita resulting in a 10-
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25% reduction of urban water use (Friedler and Hadari, 2005). The study was done on 
new construction, in which the grey water system was originally installed (no 
retrofits), only multistory buildings were considered where population density is high 
and there are great water savings potential.  
 Two treatment options were considered Membrane bioreactor (MBR) and 
Rotating Biological Contractor (RBC). MBR utilizes an equalization basin in which, 
it regulates the flow and temperature of the untreated grey water, treatment is done by 
passing through membrane followed by disinfection. The RBC system also uses an 
equalization basin followed by sedimentation then disinfection. MBR is a newer 
technology compared to RBC, both have been able to consistently produce quality 
effluent (Friedler and Hadari, 2005). It as determined that the MBR system is about 3 
times more expensive per flat compared to the RBC system. The payback period of 
MBR systems became reasonable when there was one system that served a cluster of 
10 story buildings, the extra conveyance costs were negligible. The results may vary 
from city to city based on water rates, power rates, treatment systems and 
maintenance costs. In urban environments, such as cities that contain several 
apartment complexes could implement a grey water system, and have a reasonable 
payback period if the building is 20 stories or above.  
 Alum or Ferric are two chemicals that can be used to treat grey water for 
indoor use. In Egypt Nermin and Ali (2012) estimated the yearly savings using Alum 
or Ferric for treatment of grey water for reuse was determined to be LE 23652 and LE 
29200 for up to 50 people including running costs and cost of equipment (LE is an 
abbreviation for livre égyptienne, which is a French or Egyptian pound) (Nermin & 
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Ali, 2012). Converting the yearly savings to U.S dollars amounts to: $2663.81 and 
$3288.66 approximately. Nermin and Ali (2012) recommended that grey water 
implementation should begin in buildings such as hotels or mosques.  
 A study completed in Beijing by Liang and van Dijk (2010) determined that 
grey water recycling is not financially feasible, but is economically feasible. The 
financial analysis takes the point-of-view of an individual (e.g. a project manager), 
when the economic analysis takes the societal costs into account. Using cost benefit 
analysis, a score of one signifies that the project should be implemented. The BNU 
project that was examined (serving a university population of approximately 30,000) 
resulted in the following: 1 = operation & maintenance (O&M) costs, economic scale 
and economic feasibility and 0 = total cost recovery and financial feasibility. These 
results mean that the operation costs can be sustained and the benefits to society are 
positive, but the payback on the initial investment will not be beneficial. For the 
economic analysis: economic, social and environmental costs were taken into account 
(See Figure 1) for reference. The implication for this study is that project costs are 
great, but society will benefit if the project is implemented, if grey water systems 
became more financially economical over time, then it could be widely adopted. The 
above cases resulted in different outcomes with respect to implementing grey water 
systems at a large scale. Irvine, San Francisco and Australia has successfully 
implemented grey water systems in multistory buildings, when Egypt is determining 
if it may be feasible, and Beijing has struggled with sustaining grey water systems. 
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C. Costs and Water Savings of Grey Water Systems in Single-Family Homes 
  
 There are several grey water systems that can be implemented into a single-
family home. A grey water system costs for an individual home is approx. $3,350 to 
$6,695 and installation costs of approximately $1,100 on top (The Guardian, 2014), 
this does not include the permit costs and costs associated with retrofitting a home to 
install a system. According to Poplar Network (2014), there are currently four grey 
water recycling systems available: 1. Aqua2use, it takes water from the bathroom and 
treats it biologically and mechanical filters, followed by disinfecting through UV-C 
treatment. This treated water can be used to flush toilets, wash laundry and water 
landscapes. For a family of four, the estimated water savings are 30 gallons per 
person per day. 2. Sloan AQUS Water Reuse System, this system is used for 
bathrooms, the water from the sink is disinfected and stored in a tank under the sink, 
which is connected to the toilet, the stored water is to be used for flushing the toilet. 3. 
Clivus Multrum, offers a variety of grey water systems, some of them are custom 
made. One model takes water from all the fixtures in the home, aside from the toilet 
and delivers untreated water to an irrigation system. 4. Aquacell, offers systems that 
treats both grey and black water to use for flushing toilets, washing clothes and 
watering landscapes. Grey Water Action (2016) listed grey water systems on the 
market as well, Nexus E-water, which is a grey water system that can be used to 
irrigate a landscape of flush a toilet. Nexus E-water costs about $6,000 for the system 
(including installation), the filter and UV bulb will need annual replacement which 
amounts to $100. These various systems differ in costs and the process in which they 
disinfect water for indoor use, there is a variety available on the market to chose from.  
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 A cost-benefit analysis was completed on implementing grey water systems in 
the residential areas of Los Angeles by Yu et al (2011). It was estimated that a grey 
water system could cost between $6,000 and $13,000 dollars, with yearly 
maintenance of $200 – 900 dollars, wetland grey water systems were determined to 
cost less and require lower maintenance compared to onsite piping system. Yu et al 
(2011), determined that in a single family home of at least three people will generate 
approximately 130 m3/ yr. would offset the treatment costs of the grey water system 
and lower overall water bill costs. Grey water systems that serve single-family homes 
that have high maintenance and treatment costs can only be financially feasible for 
larger multi-family dwellings due to the amount of grey water generated in order to 
have water bill savings. 
 Referring to the study done by Imteaz & Shanableh (2012) in Australia they 
stated that grey water systems installed in a single-family home is not economically 
feasible due to high installation costs and low use of grey water. In Beijing it was 
determined by Liang and van Dijk (2010) that a decentralized grey water system 
serving a residential area of 2,500 people was economically feasible, but not 
financially feasible. Using cost benefit analysis, with a score of one signifying that 
the project should be accepted. The Qing project that was examined (residential area 
serving 2,500 people) resulted in the following: 1 = operation & maintenance (O&M) 
costs and economic feasibility and 0 = economic scale, total cost recovery and 
financial feasibility. These results mean that O&M costs are not a large hurdle, as 
well as the economic effects, what are the hurdles are the finances. The implication of 
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this is most project managers would not recommend to move forward with this 
project, and in the case that it was constructed it would not be functional for long.  
 There are a variety of grey water systems on the market available, based on 
the homes needs and plumbing requirements, costs can vary widely. Australia and 
Chine has determined that grey water systems in homes were not economically 
feasible due to project costs and maintenance costs. Further, in China the system was 
centralized, which makes the project costs increase, due to the increase in 
infrastructure required for piping grey water to individual homes.  
 
Future Implementation of Grey Water in California 
 
A. Centralized versus decentralized  
  
 A centralized treatment plant would be a municipal facility, or a larger facility 
to treat and distribute larger amounts of water through a piping system. A 
decentralized facility will be at the individual building or small area level for treating 
and distributing grey water (Figure 5). A centralized treatment of water will be easier 
to regulate, although it will be more costly for operation and maintenance due to the 
complex sewer networks (Ahmed and Arora, 2012). Decentralized water will be more 
cost effective if it is done on an individual residential or business basis. Matos et al 
(2014) compared the energy requirements and thus, the carbon emissions from 
centralized and decentralized wastewater treatment and distribution. 
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Figure 5. Centralized treatment plant schematic (left) and Decentralized treatment plant 
(right). (Ahmed and Arora, 2012).  
            
 There are various forms of energy that are used when treating wastewater: 
electrical, manual, fuel and chemical (Matos et al, 2014). Total energy used for 
treatment of wastewater to the tertiary degree at a centralized facility is approximately 
885.5 – 13,215.8 kWh/d, which translates to 329.6 – 4879.2 kg Co2/day (Matos et al, 
2014). Total energy used for treatment of wastewater to the secondary degree, 
followed by UV disinfection at a decentralized facility is approximately 0.21 – 97 
kWh/d, which translates to 0.08 – 0.36 kg Co2/day (Matos et al, 2014). With energy 
costs and carbon emissions taken into consideration, decentralized systems are more 
efficient in energy use and reducing environmental impacts from addition of carbon 
emissions.  
 Los Angeles could reduce the energy used to treat waste water by 4,300 
MWh/yr (Yu et al., 2011) thus reducing the GHG emission associated with water 
treatment and conveyance, as well as reduce potable water consumption and load to 
centralized treatment plants. Brown (2007) discusses a ‘water miles’, which explains 
the energy used to convey water from it’s various sources, water treatment and 
distribution, which can be lowered by decentralized grey water treatment systems. An 
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economic benefit of a decentralized grey water system is the cost savings from 
reduced piping required to distribute the treated wastewater and water treatment done 
on site. The environmental benefit is reduced pressure on natural resources from 
depletion.  
 
B. Effective Treatment of Water 
  
 Wastewater must be treated to the tertiary level in order to be used for 
flushing in toilets in California. There are several ways to treat grey water, which are: 
biological, physical and chemical, biological treatments are the best for residential 
use (Li et al., 2009). A basic two-stage treatment system is commonly used for grey 
water treatment in the UK, as described by Al-Jayyousi (2003): filtration is followed 
by chemical disinfection, the resulting water is of lower quality, depending on what 
filtration system is used the energy requirements will vary widely, the economic 
constraint on this system is the membrane maintenance that is required.  
 Biological treatment systems often contain both biological and physical 
components: A membrane bioreactor (MBR) is followed by a biological aerated filter 
(BAF) (Al-Jayyousi, 2003). BAFs are not as effective as MBRs in removal of 
suspended solids and disinfection. MBRs have been successfully implemented in 
Japan in commercial and residential buildings. MBR can be cost prohibitive due to 
the advanced technology of this system, a payback period of 5-10 years has been 
estimated for buildings such as schools and offices (Al-Jayyousi, 2003).  
 Concerns with grey water use have been focused on Chemical Oxygen 
Demand (COD), Biological Oxygen Demand (BOD) and micronutrients balance. 
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Difficulties with maintaining a proper COD is due to quantity and types of detergent 
in the water, the types of detergents present in the water alters the chemical properties 
and balance in the grey water and can effect treatment (Al-Jayyousi, 2003). 
Biological Oxygen Demand is characterized by biodegradable organics, organics 
provide food for microorganisms, the increase in microorganisms growth can make 
disinfecting less effective and decrease oxygen in the water making the water quality 
decrease.  
There are various detergents used in a home that cannot be accounted for in treatment 
and possible toxicity in recirculation. According to Sharma and Chhipa (2014), after 
conducting studies on water that has been used to wash clothes: grey water after 
treatment with effective microorganisms can be used to flush toilets.   
 According to Brown (2007), large scale recycled water systems are at risk for 
cross connection, which there was an incident in the Netherlands that caused an 
outbreak of gastroenteritis, which lead to community level water recycling getting 
banned. This incident was caused by improper maintenance to the system, which the 
connections were not disconnected afterwards, causing grey water to be mixed with 
potable water. Several studies about the safety of using grey water has covered 
concerns about pathogens in grey water, Brown (2007) stated that indicator 
microorganisms are present in grey water, but the pathogens themselves do not live 
outside their hosts, and viral pathogens in the case where someone in a home is ill, 
cannot replicate outside of their hosts.  
 Concerns with aerosols from grey water containing pathogens are unlikely, 
and in the case when pathogens can be contracted, it is from the rim of the toilet from 
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contact with feces (Brown 2007). The Ministry of Health in New Zealand has written 
a report based on faulty research according to Brown (2007), indicating that presence 
if indicator organisms is an affirmation that pathogens are present. Misleading 
information such as this creates more stringent guidelines for grey water use and thus 
the associated treatment costs. At a decentralized level management of these systems 
can be more closely watched, and the risk of recycled water mixing with potable 
water is low.  
 Residence time of grey water storage has to be short due to the biological 
processes that create anaerobic bacteria that will decrease the quality of the water; 
water storage size is not necessarily more efficient if it is larger (Dixon et al, 1999). 
Having a landscaped area to use grey water on will assist with the payback period of 
the grey water system, although in an urban environment landscaping is not plentiful. 
The costs associated with treatment of grey water can be significantly lowered if the 
requirements for treatment for indoor uses weren’t so high, requirements for flushing 
toilets can be treated to the bathing standards instead of drinking water standards 
(Brown, 2007). As this section explains, indoor use requirements are high for grey 
water and proper maintenance of grey water systems are essential to prevent 
accidental contamination and grey water treatment can be more affordable if the 
treatment requirements were lower.  
 
C. Potential Future Government Involvement/ Mandates/ Advocacy 
  
 In the 1970s California offered tax credits to Californians who installed grey 
water systems, the incentive ended in 1982 (Huffpost Politics, 2015). During the most 
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recent water mandates, no incentive program was offered, although the city and 
county of San Francisco does offer rebates and a manual for installing grey water 
systems. In Arizona, residents are reimbursed $1000 for installation costs, and grey 
water systems are required for new construction, except these systems are only used 
for watering landscapes (Huffpost Politics, 2015).  
 Grey water infrastructure can be costly to implement, but with many 
technologies, as adoption becomes greater, the cost will decrease. Perhaps cities on 
the individual level to incentivize installing grey water systems without the state 
taking the lead. There is a risk associated with water scarcity and managing these 
risks means securing water resources, there needs to be a bridge between science and 
policy disciplines to better manage water (Grey et al., 2016).  
  Friedler and Hadari (2005) compared water prices in German, Israeli and US 
to determine economic feasibility, amongst various countries, the US water rates were 
determined to be half of the Israeli rate, which makes grey water projects less likely 
to be economically feasible in the US. Friedler and Hadari (2005) recommended that 
grey water reuse should be subsidized, which would incentivize building owners to 
install them and the payback period would be significantly shorter.  
 Yu et al (2013) determined that twenty-nine out of fifty states in the Unites 
States (Figure 6) allow some form of grey water reuse, but there are inconsistencies 
between states in the regulations, plumbing codes, storage of grey water and 
limitations for indoor uses, this is a reflection that there is a need for consistent 
guidelines and regulations in order to have wide acceptance and implementation of 
grey water systems.  
Natalie J. Muñoz  Master’s Project  ENVM 698-03
   	
May	17,	2016	 	 	 39	
 
Figure 6. States that use Grey Water (Yu et al, 2013) 
 
 Forty-one states that do provide a definition for grey water define so in 
various respects: 14 define grey water in their state regulations, 5 define grey water 
only in their state plumbing code and 22 define them in plumbing codes and state 
regulations (Yu et al, 2013). Federal or State governments should subsidize grey 
water, incentivize grey water systems and create standard protocols for grey water 
treatment and use.  
 Radcliffe (2010) studied the evolution of water recycling in Australia; during 
a period of serious drought, the Commonwealth and all States of Australia signed an 
agreement called the National Water Initiative. This initiative called for innovate 
technology to treat water and develop water supplies, in 2003 there was an increase in 
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water recycling projects due to initiatives. Each State committed to setting goals of 
amount of water use reductions, and amount of recycled water to be used. The strong 
government involvement and agreement amongst several states made grey water 
recycling implementation possible at a large scale. 
 Yu et al (2013) also describes incentives and impediments on implementing 
grey water systems. Incentives are; clearly define grey water regulations, allow 
individual homes to collect grey water, making the permitting process simplified, and 
expand the range of uses of grey water. Impediments are: various reuse restrictions on 
grey water reuse from different sources (e.g. plumbing codes and state regulations), 
because there is not a variety of grey water uses storage becomes an issue causing 
odors and decreased water quality, certification of grey water systems would be more 
easily implemented as opposed to meeting water quality standards, certification of 
grey water systems can lead to development of low-cost systems, best practices for 
treatment of grey water for a home should be developed, and lastly grey water 
producers and consumers should be credited on their water bills.   
 
D. Public expectance and education 
  
 There is poor public understanding of grey water systems: there is confusion 
about the laws of installing these systems and there are concerns that contaminated 
water could spread disease. As mentioned under challenges of implementing grey 
water section, Little (2000) said the permitting process can create barriers to 
implementing grey water, as well as internal struggles with the process. There are 
concerns with disease caused by grey water consumption or contact; as mentioned 
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previously Brown (2007) recalls a case if gastroenteritis in the Netherlands due to 
negligence by maintenance, the other concern with disease is when toilets are flushed, 
contaminated water could infect those through inhalation of aerosols (Brown, 2007), 
although pathogens are not able to live and replicate outside of their host. The 
research by Dolnicar and Schafer (2009) found that grey water is perceived by the 
public as the more environmentally preferred option when compared to desalinated 
water and there is a willingness to use grey water for flushing toilets and watering 
landscapes, positive and negative perceptions of grey water are displayed in Figures 7 
and 8.  
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Figure 7. Positive Perceptions of Grey Water from the Public (Dolnicar and Schafer, 2009) 
 
Figure 8. Negative Perceptions of Grey Water from the Public (Dolnicar and Schafer, 2009) 
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 Environmental issues have been widely reported to the public, increasing the 
awareness of the public has decreased the willingness to accept environmental 
impacts to acquire resources, and the desire to protect resources has increased (Gleick, 
2000). With several countries in the world with dire need for water and many 
countries experiencing sever drought: the public at large should embrace use of grey 
water for watering landscapes and flushing toilets. Educating people about the 
benefits of implementing grey water systems in a home will help increase the 
acceptance of using grey water. Increased supporters of grey water will place pressure 
on local governments to support water reuse and develop water reuse guidelines 
(Nermin & Ali, 2012).  
 
Methods  
  
 Information was gathered from the literature about grey water systems 
including systems costs, installation, and maintenance to determine the payback 
period and Net Present Value (NPV) when possible. Payback period is the amount of 
time that it takes to receive positive return on the original investment, basically when 
savings or profit outweigh costs. The payback period is calculated using a model I 
built in MS Excel, with the following formula: (Initial investment - Annual operation 
and maintenance costs) + (Annual water saving* Annual water rate increase) = 
Ending Balance. The year that the ending balance is positive is the payback period.   
NPV assists to determine the project profitability; NPV takes present cash inflows 
and outflows into consideration. A positive NPV means that the projects profits will 
outweigh the costs and it is worth investing in a particular project. NPV was 
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calculated using a formula that exists in MS Excel, which is NPV. The inputs for the 
NPV formula are the Ending balance for a number of years and the discount rate.  
 The payback period and NPV was calculated by making a few assumptions 
from literature given and from information that appeared to be standard throughout 
several articles. I assumed that the discount rate was 4% (Ballard and Malcolm, 2003), 
water price increased 3.4% per year (Stevens and Morin, 2015), and all other factors 
were gained from each case. Payback period on the original investment should be 
before the useful life of the system is over, this has not been determined since many 
of the early systems installed in New Zealand have been in use for over 20 years and 
have not required replacement or major fixes (Brown, 2007), which is based on the 
grey water systems in New Zealand that have lasted for over a decade without major 
system repairs or defects, I used this to determine when to cut off the payback period, 
as some projects will eventually payback in 100 years or more. Memon et al (2005) 
estimates that the useful life of a grey water system that is well maintained is 15 years. 
Table 1 shows the results form this exercise.  Various international monetary 
conversions were completed using an online converter found on Google.com, Table 2 
shows the conversion rates used.  
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Table 1. Payback Period and Net Present Value 
 
*Calculated by Natalie Muñoz  
** Water saving technologies: dual flush toilets, water efficient clothes and dishwashers, and 
flow restrictors for faucets  
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Table 2. International Monetary Conversion to USD 
 
 
USD 
$1 AUD $0.73 
$1NZD $0.68 
$1 GBP $1.44  
$ Chinese Yuan $0.15  
$1 LE $0.11  
 
 In order to apply these financial calculations, I have considered the number of 
single-family homes high rises in a city such as San Francisco. According to the Bay 
Area Census (2010), there are 345,811 total households. According to Emporis 
(2016), there are 698 low-rise buildings and 426 high-rise buildings in San Francisco. 
From my previous cases that I calculated NPV and payback period from, I grouped 
them into 3 categories: single-family homes, high-rise buildings and low-rise 
buildings, I then multiplied the number of buildings by the average project costs to 
determine the total cost to implement at a citywide scale, table 3 displays this 
summary.  
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Table 3. Estimated costs to implement grey water systems at a citywide scale  	
		
Average	cost	per	
single	family	home	
for	a	grey	water	
system	
Average	cost	per	
multistory	building	
for	a	grey	water	
system	HIGH	=	20-
30	stories		
Average	cost	per	
multistory	building	for	a	
grey	water	system	LOW	
less	than	20	stories	
(includes	schools	and	
dorms)	
Avg.	project	costs		 $4,411.00		 $119,210	 $287,748	
Avg.	payback	period	(years)	 14	 11	 9.48	
Avg	NPV		 -$18,362.00	 N/A	 $22,242,197.50	
Households	in	SF:	 		 		 		
345,811	 $1,525,372,321.00	 		 		
High-rise	buildings	in	SF:	 		 		 		
426	 $50,783,460	 		 		
Low-rise	buildings	in	SF:	 		 		 		
698	 $200,848,104	 		 		
		 		 		 		
Total:	 $1,777,003,885.00	 		 		
 
 San Francisco’s budget for fiscal year 2016-2017 will be $8.96 billion; this is 
close to the budget for Nevada, which has three times the residents of San Francisco 
(San Francisco Chronicle, 2015). San Francisco will increase the budgets to the 
Department of Public Health, Muni, and Police Department (San Francisco Chronicle, 
2015). The budget also includes a port at the Hetch Hetchy water system, which is 
also funded by users, augmenting the water system, could reduce the supply needed 
from the Hetch Hetchy water supply. According to the San Francisco budget report 
for fiscal year 2015-2016 the revenue for water and wastewater has reduced by $4.8 
million for water sales and $12.4 million for sewer service, these reductions have 
been attributed to the drought, more revenue could be saved further if grey water 
systems were implemented. Many cities in California were mandated to reduce water 
use by 25% (State Water Resources Control Board, 2016) each home or building 
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could save approximately 30-50% using grey water systems (The Guardian, 2014) 
(Grey Water Corps, 2009). As displayed in table 3, the approximate cost to install 
grey water systems in San Francisco would be approximately $1.8 billion, which 
could be a worthy investment to incentivize.  
 
Discussion 
 
A. Findings  
  
 In general grey water systems are more economically feasible in large 
buildings with multiple stories, and it is not economically feasible in single-family 
homes. The cost of water can change the payback period, being if water rates are 
subsidized or the water rate is low the payback period will take longer. NPV is 
affected by water prices, since it will change the amount saved from toilet flushing, 
NPV decreases with increasing water prices (Memom et al, 2005). The payback 
period may increase due to implementation of water saving fixtures, a similar trend 
with increase in NPV occurs with low flushing volumes.  
 
B. Limitations  
  
 There are several barriers that are preventing implementation of grey water 
systems from being a regular structure of every building or widely accepted.  One 
being the economic costs of systems, the initial investment to purchase a system can 
costs several thousand dollars, can be costly to have them installed by a contractor 
and annual maintenance can outweigh the costs savings on the water bill. The second 
being regulatory guidelines and permitting process required to be in compliance when 
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installing a system, permit costs can be confusing and costly to obtain and may cause 
interested persons to give up. Third, there are public concerns about the potential 
health impacts that using grey water indoors can cause, such as contact with 
pathogens causing illness and outbreaks, a concern such as this is likely to become 
reality if a system is mismanaged and crossing of pipelines occurs. The public 
perception will have to be changed in a positive light through extensive education of 
the need to augment the potable water resource, the benefits of water recycling to the 
environment and the safety of using grey water. Per Sharma and Chhipa (2014) the 
possible road blocks to the adoption of grey water is not being allowed to separately 
collect grey water for reuse, and restriction of use on certain landscapes. Nermin & 
Ali (2012) recommends that installing grey water systems is best done when 
preparing design plans for a home, as opposed to during construction or retrofitting a 
home.  
 
C. Implications and Outlook  
  
 Plumbing codes and government may require some form of grey water use in 
the future.  There	may	be	some	initial	cost	and	infrastructure	barriers	until	cities,	counties	or	the	state	adopts	grey	water	systems	as	a	required	policy	for	building	upgrades	and	new	buildings	and	offer	incentives	for	installation.	Grey	water	systems	could	save	a	great	deal	of	water	if	installed	in	residents	and	businesses.	Since	incentives	are	being	offered	and	cities	in	the	U.S	are	beginning	to	adopt	installation	of	grey	water	systems,	it	is	only	a	matter	of	time	before	this	becomes	a	regular	practice.	As	water	resources	become	further	exploited,	it	is	inevitable	
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that	water	rates	will	increase.	In	Los	Angeles	water	rates	increased	annual	by	3-5%,	based	on	this	rate	water	prices	could	reach	$2/m3	by	2013	(Yu	et	al,	2011),	and	according	to	Stevens	and	Morin	(2015),	the	average	water	rate	increase	in	California	will	be	3.4%	for	the	next	five	years	until	2020.	Increasing	water	rates	will	make	grey	water	recycling	systems	more	economically	feasible,	especially	if	the	technology	of	grey	water	systems	lower	in	cost.	A	third-party	ownership	model	can	be	used	to	install	grey	water	systems;	developers	could	finance	retrofitting	and	installation	requirements.	The	third-party	owner	could	maintain	the	system	and	ensure	that	treatment	standards	meet	local	requirements	for	non-potable	uses.	Implementing	grey	water	can	save	on	water	bills	and	can	save	energy	from	transporting	water,	Nermin	&	Ali	(2012)	determined	that	the	amount	of	savings	will	depend	on:	the	volume	of	water	that	is	saved,	cost	of	installation,	maintenance	costs,	operation	costs	and	cost	to	replace	any	water	mains.  
 
Conclusions and Recommendations 
 
 I recommend that cities with the available resources offer incentive programs 
to residents to install grey water systems, low and high rise buildings should be able 
to afford implementing grey water systems on their own.  If rebates are offered, they 
need to cover a majority of the cost of the system in order to make the rebate 
appealing to prospective buyers. Cities may have to pursue the county or state to ask 
for policy in making it mandatory for new building structures and updates. Once 
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residents of single-family homes have adopted installing grey water systems, the next 
step could be installation of centralized treatment for complexes and businesses.  
Large buildings and new construction should install grey water systems since it is 
more economically feasible than upgrading an existing home. As grey water systems 
are increasingly adopted the cost of technology will decrease and will be available to 
the mass market, as displayed in the Technology Adoption Lifecycle Figure 9.  
 
Figure 9. The Technology Adoption Lifecycle (Moore, 2014) 
  
 The Technology Adoption Lifecycle is used in marketing to gain market share 
in the early market of a product, which is composed of several segments: early market, 
chasm, tornado, main street and bowling alley. The chasm in the Technology 
Adoption Life cycle is the barrier to widespread adoption to reach the mass market or 
main street, this barrier is composed of several items: public acceptance, water policy 
and prices, plumbing codes, permitting process, and lack of incentives. Barriers to 
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implementing grey water at a large scale, which would allow the cost of technology 
to fall, further more consistent state water policies can lead to a decrease in grey 
water costs (Yu et al, 2013).  
 Reduced property taxes can be rewarded to buildings that use grey water 
systems. Subsidized water rates make implementation of decentralized grey water 
less financially feasible, and not subsidizing grey water rates does not promote an 
incentive to install grey water systems (Ling and van Dijk, 2010), states or cities 
should consider changing water rates to promote grey water systems. The city can 
provide a low interest-financing program to allow property owners to repay or the 
grey water system through their utility bill (Yu et al, 2011). These are a few examples 
of how grey water systems can be incentivized aside from offering discounts on a 
system.  
 Grey water systems should be implemented in new construction of all 
building sizes, as seen by my analysis multistory buildings can economically benefit 
from installing a grey water system. Grey water use requirements and installation of 
grey water systems should be streamlined, and the permit costs should be low and 
easy.  Contractors that install grey water systems should be properly trained on 
maintaining these systems to prevent contamination, as well as the building occupants. 
When all new construction has grey water systems, system costs could be lower and 
then should be implemented in all building sizes of older construction. Grey water 
systems offer a clear solution to decreasing potable water use, and potable water 
should not be used to flush toilets when there is a serious drought.  
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